Vascular biology research relies heavily on analysis of vessel patterning and fine detailed vessel structures by whole-mount immunostaining. The postnatal pup retina and embryonic mesentery or skin serve as common mouse models for studying blood and lymphatic vessel patterning, respectively [1] [2] [3] [4] . These tissues can be flat-mounted for easy imaging and they can be analyzed for vessel density, number of endothelial cells and filopodia, among other parameters. These tissue models, used in combination with genetic tools for gene inactivation in blood or lymphatic endothelial cells, have led to significant advances in our understanding of sprouting (lymph)angiogenesis, vascular patterning and maturation 5, 6 . The current challenge is to understand the molecular mechanisms and principles that govern tissue-specific organization and function of adult vascular beds, which may be critical to our ability to treat a range of human diseases. Here we present a step-by-step protocol for 3D visualization of all stromal cells and structures, including blood and lymphatic vessels, in adult mouse small intestine.
IntroDuctIon
Vascular biology research relies heavily on analysis of vessel patterning and fine detailed vessel structures by whole-mount immunostaining. The postnatal pup retina and embryonic mesentery or skin serve as common mouse models for studying blood and lymphatic vessel patterning, respectively [1] [2] [3] [4] . These tissues can be flat-mounted for easy imaging and they can be analyzed for vessel density, number of endothelial cells and filopodia, among other parameters. These tissue models, used in combination with genetic tools for gene inactivation in blood or lymphatic endothelial cells, have led to significant advances in our understanding of sprouting (lymph)angiogenesis, vascular patterning and maturation 5, 6 . The current challenge is to understand the molecular mechanisms and principles that govern tissue-specific organization and function of adult vascular beds, which may be critical to our ability to treat a range of human diseases. Here we present a step-by-step protocol for 3D visualization of all stromal cells and structures, including blood and lymphatic vessels, in adult mouse small intestine.
The adult mouse small intestine is a highly specialized organ that harbors billions of bacteria and whose epithelial cells are constantly regenerating, so that the entire intestinal lining is replaced every few days. Its critical role in absorbing all dietary nutrients, as well as performing immunosurveillance of the intestinal microbiota, creates a remarkable tissue microenvironment 7 . In particular, adult small-intestinal blood capillaries and lymphatic vessels perform a distinct role, namely absorption and systemic distribution of all dietary nutrients, and they display properties that are different from those of most adult vessels. Therefore, an understanding of molecular mechanisms underpinning the patterning and function of these vessels may lead to novel treatments for gut-related diseases such as inflammatory bowel disease or colorectal cancer. Indeed, intestinal villus blood vessels are one of a handful of vascular endothelial growth factor (Vegf)-dependent adult vascular beds 8, 9 , and their density is regulated by intestinal microbiota 10, 11 . Dietary fat absorption is carried out by intestinal lymphatic vessels, also called lacteals, and is uniquely promoted by lacteal contractions that are controlled by the autonomic nervous system 12 . In addition, our own and other recent work show that both intestinal villus blood and lymphatic vessels display hallmarks of (lymph)angiogenesis, such as filopodia and increased proliferation, and they slowly but steadily regenerate, paralleling renewal of epithelial cells 13, 14 . Furthermore, we found that lymphatic expression of the Notch ligand Dll4 is critical for maintaining such continuous lacteal regeneration. Therefore, by combining cell-specific genetic inactivation with advanced imaging techniques, we were able to study the molecular mechanisms underlying lymphatic vessel specialization in the small intestine. Here we present in detail the protocol for intestinal whole-mount immunostaining.
Whole-mount imaging of the intestine by confocal microscopy has been previously used to study the submucosal 20, 21 and villus stroma 10, 22, 23 ; however, a detailed step-by-step protocol has not been reported. Stappenbeck et al. 10 examined blood vessels in small-intestinal villi in whole-mount preparations. Fu et al. incorporated perfusion-fixation into whole-mount immunostaining of neuronal components of the small intestine and colon with visualization of blood vessels by dye intracardiac perfusion, focusing on the submucosal layer 22 . Furthermore, both Fu et al. 22 and Appleton et al. 23 performed tissue clearing of intestinal whole mounts to increase the fluorescent signal strength. Recently, we used a new whole-mount immunostaining protocol to examine in detail both intestinal submucosal and villus stroma at high resolution 13 . Our protocol combines the tissue fixation procedure of Stappenbeck et al. 10 with the perfusion-fixation, confocal microscopy and solvent-based clearing of Fu et al. 22 . However, we have also incorporated several major improvements into our approach ( Table 1) . For example, although solvent-based clearing allows many antibodies to be used effectively for immunostaining of intestinal villi, some immunostainings are not easily visible in the presence of epithelial cells (even with solvent clearing); this can be due to a weak signal that is indistinguishable from epithelial cell background noise or due to specific high expression of the antigen to be stained in the epithelium ( Supplementary  Fig. 1 ). To overcome this limitation, we improved the protocol by developing a procedure for physically removing the epithelial cells so that the stroma is rendered visible. A second key improvement was the development of a novel mounting strategy that allows villi to be imaged laterally ('side-view') rather than transversally ('topdown'; imaging with the tip of the villus pointing directly toward the microscope), which facilitates visualization of 3D structures without the need for image reconstruction. Importantly, probably due to the combination of cardiac perfusion-fixation and specific tissue fixation conditions, we were able to visualize important structural features of angiogenic endothelial cells, such as filopodia, at high resolution 13 . Thus, the optimized protocol described here enables intestinal villi stroma to be visualized in more detail than previously possible using alternative approaches (Fig. 2) .
Overview of the procedure
The procedure begins with intracardiac paraformaldehyde (PFA) perfusion of mice. This is a critical step in the protocol as, in our experience, poor perfusion results in the rapid degradation of the tissue (presumably because intestinal mucous, bacteria and/or digestion-related enzymes are present in the gut) and an inability to stain and mount the intestine. After perfusion-fixation, the intestine is dissected and cleaned. Samples are then pinned to silicone plates before being refixed, extensively washed and immunostained using standard whole-mount immunostaining methods. After staining, strips of villi are carefully cut; strips should be 1-2 villi thick to ensure that villi will be relatively transparent and easy to image. To obtain high-resolution images, the epithelial cells (which can prevent efficient stroma visualization) must be cleared before mounting onto slides for 3D imaging (Fig. 3) . We provide two different strategies for epithelial clearing. The first approach leaves epithelial cells in place (whole mount with epithelial cells (WM/EP + )) and renders them clear using a commercially available clearing solution; they can be either imaged by immunostaining or ignored if immunostaining is performed for stromal cells only. However, in our experience, several antibodies cannot be used for whole-mount intestinal stroma immunostaining when epithelial cells are present, because either high epithelial background staining or high specific epithelial staining renders the stromal staining undetectable (Supplementary Table 1 ). Therefore, we have also included an optional protocol to remove epithelial cells (whole mount without epithelial cells, WM/EP − ), which allows imaging with a wider range of antibodies than in the presence of epithelial cells (Fig. 3) . We also provide an optional protocol for paraffin-embedding tissue from the same samples used for whole mount. In our experience, simultaneous harvest of samples for both whole mount and paraffin embedding gives flexibility in analysis, e.g., of endothelial cell proliferation, as well as epithelial cell parameters. A common technique for preparing intestinal tissue is the 'Swiss roll', in which the intestine is cut open and flattened and then rolled and embedded in paraffin 24 . Although the Swiss roll technique for paraffin embedding of intestinal tissue is well known and established in many laboratories, we have included it in the context of performing it alongside intestinal whole-mount immunostaining (Supplementary Methods). Note that removal of epithelial cells for WM/EP − is not efficient in the duodenum, and therefore the upper duodenum half should be used for paraffin embedding and the lower part should be used for WM/EP + .
Applications, advantages and limitations
Here we show the utility of the protocol for immunostaining blood and lymphatic vessels to measure relative lacteal length and number of lacteal and villus blood vessel filopodia. However, we have used the same method to visualize other cell types, including neurons, smooth muscle cells, immune cells and fibroblasts ( Fig. 2a-e) . Therefore, our protocol can be used to discover novel cell-cell interactions in small-intestinal villi. In addition to cell immunostaining, the whole-mount technique works well to stain extracellular matrix proteins such as fibronectin, tenascin C and periostin ( Fig. 2f,g 13 ).
This protocol is best suited for analysis of the intestinal villus stroma. Epithelial cells are easily imaged using this protocol, and stromal/epithelial interactions can be clearly visualized. Key advantages of the protocol include the following: perfusionfixation to ensure tissue quality for the duration of the procedure; epithelial clearing to enable the use of all antibodies validated for whole-mount immunostaining; and lateral mounting to avoid the need for image reconstruction. This mounting approach also facilitates analysis, as slides can be quickly examined by epifluorescencence microscopy to determine the quality of the immunostaining and detection of a phenotype. As a result of these improvements, this whole-mount protocol is superior to either paraffin or frozen sections for detecting fine structures and for analyzing stromal cell protein expression, patterning, location or colocalization.
However, if the goal of an experiment is to solely analyze epithelial cells, performing the traditional Swiss roll paraffinembedding technique should be sufficient and less timeconsuming. Furthermore, as PFA perfusion is a critical step in this protocol, combining whole-mount intestinal immunostaining with cell sorting is not feasible. Similarly, it is not possible 
Level of expertise needed to implement the protocol
The techniques described in this protocol can be performed by anyone who is comfortable with handling mice, mouse dissection and confocal microscopy imaging. PFA perfusion and pinning of the intestine to silicone plates are skills that are relatively straightforward after some practice. If simultaneously preparing samples for paraffin embedding and whole mount, in our experience it is better to have two people working on the protocol: one experimenter to handle the intestinal whole mount, and the other to perform PFA perfusion and tissue preparation for paraffin embedding. In our experience, even with good PFA perfusion it is best to start the overnight (O/N) intestine fixation as soon as possible after dissection to avoid tissue degradation. If other tissues will also be collected at the same time, it is better to add experimenters as necessary, so that all tissues are collected in a timely manner.
Experimental design
Application to younger mice. The protocol described here is for adult mice; however, we have also successfully used this protocol to analyze intestine from newborn to 3-week-old mouse pups. PFA perfusion-fixation is essential for proper adult sample preparation and is well described by Gage et al. 25 . However, we do not perform PFA perfusion on pups, as it is technically challenging; rather, we work rapidly to fix the intestine as quickly as possible.
Conditional mutants.
In our previous study 13 , we used Prox1-CreERT2 18 mice for conditional deletion in lymphatic endothelial cells and Pdgfβ-iCreERT2 mice 26 for recombination in intestinal blood endothelial cells. Recombination in lymphatic endothelial cells has been reported for Pdgfβ-iCreERT2 mice in some tissues 27 , but we did not observe it in small-intestinal lymphatic vessels. Tamoxifen was administered by a single or multiple i.p. injection(s) to 8-12-week-old mice, which were analyzed after 3 or 10 weeks 13 ; however, any treatment or mutant mouse line, or other time points, can be used.
Choice of mice. The gut microbiota has an important role in intestinal physiology, and studies of microbiota composition show large variations in cage effects between mice of different strains, sex and housing units 28 . Therefore, if possible, when analyzing mutant mouse models, cohoused littermates of the same sex should be used for experiments. Step 8
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Step 45 2 0 × Figure 3 | Experimental outline for preparing intestine for simultaneous imaging by paraffin sectioning, whole mount with epithelial cells (WM/EP + ) and whole mount without epithelial cells (WM/EP − ). The small intestine is dissected, cleaned and divided into the duodenum (Duo), jejunum and ileum. These pieces can then be further partitioned for use in paraffin sections, WM/EP + or WM/EP − and fixed. The piece for paraffin sectioning is prepared in a Swiss roll and further processed as described in supplementary Methods, whereas the pieces for WM are pinned to silicone plates and epithelial cells are removed from the piece dedicated to WM/EP − . 1-cm pieces are then cut and transferred to 6-or 12-well plates for immunostaining. After staining, fine scissors are used to cut strips of the intestine 1-2 villi thick and samples dedicated to WM/EP + are cleared using a commercial clearing agent. These villi strips are then carefully positioned to be flat against the slides inside the spacer and coverslips are affixed before confocal microscopy. Xylosol/ketasol mix For 5 ml, mix 500 µl of ketasol with 400 µl of xylosol and bring it up to 5 ml with 1× PBS. Discard the solution after dissection has been completed.  crItIcal Protect the solution from light. PBS + 1 mM EDTA To make 500 ml, add 1 ml of 500 mM EDTA to 499 ml of 1× PBS. This solution can be stored for months at 4 °C. 10% (vol/vol) Sucrose solution Add 50 g of sucrose to 450 ml of PBS. Once the sucrose is dissolved, add 1× PBS to 500 ml and filter-sterilize the solution. This solution can be stored for months at 4 °C. 20% (vol/vol) Sucrose solution + 10% glycerol Add 100 g of sucrose and 57.5 ml of 87% glycerol to 450 ml of PBS. Once the sucrose and glycerol have been dissolved, add 1× PBS to 500 ml and filter-sterilize the solution. This solution can be stored for months at 4 °C. Donkey serum Heat-inactivate the donkey serum at 65 °C for 30 min, and allow it to cool; filter-sterilize the solution and make 10-ml aliquots. These aliquots can be stored for months at −20 °C. Blocking buffer The blocking buffer is 5% (vol/vol) donkey serum, 0.5% (wt/vol) BSA, 0.3% (vol/vol) Triton X-100, 0.1% (wt/vol) NaN 3 . In 300 ml of 1× PBS dissolve 2.5 g BSA, 0.5 g NaN 3 , 25 ml of donkey serum, and 1.5 ml Triton X-100. Add 1× PBS to 500 ml and filter-sterilize the buffer. This buffer can be stored for months at 4 °C. Wash buffer Wash buffer is 1× PBS and 0.3% (vol/vol) Triton X-100. Add 3 ml of Triton X-100 to 1 L of 1× PBS, and shake the mixture vigorously. This buffer can be stored for months at 4 °C. PBS + NaN 3 PBS + NaN 3 is 1× PBS and 0.1% (wt/vol) NaN 3 . Add 1 g of NaN 3 to 1 L of 1× PBS, and shake the mixture vigorously. This solution can be stored for months at 4 °C. Whatman paper disc Draw a circle with a pencil on Whatman paper using a 10-cm cell culture dish as a template. Cut out the circle with scissors. Use scissors to further cut the Whatman paper to reduce the circle diameter so that it easily fits inside a 10-cm cell culture dish. Benchkote paper-coated dish Draw a circle with a pencil on Benchkote paper using a 15-cm cell culture dish as a model. Cut out the circle with scissors. Use lab tape to attach Benchkote paper, plastic side up, to the bottom of a 15-cm cell culture dish.
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MOM Blocking Reagent in 1× PBS
proceDure Day 1: mouse perfusion and tissue dissection, preparation and fixation • tIMInG 6-8 h plus o/n incubation ! cautIon All animal experiments must be conducted with proper authorization from local ethics committees. Experiments described in the protocol were approved by the Animal Ethics Committee of Vaud, Switzerland.  crItIcal Good perfusion-fixation is necessary to prevent intestine degradation and to allow long-term storage. Poorly fixed whole-mount intestinal samples tend to degrade very quickly during storage. A detailed video and protocol is available from Gage et al. 25 . 1| Anesthetize the animal as approved in the animal experimentation protocol (e.g., by injecting 15 µl/g of mouse of xylosol/ketasol mix). Wait for 5-10 min, until there is no response to the foot-pinch test.
2|
Transfer the mouse to a fume hood containing the perfusion apparatus, and place the animal in a supine position. Spray the mouse with 70% (vol/vol) EtOH to prevent hair contaminating the intestine sample. Make an incision in the skin from the gonadal region to just under the neck, and remove the skin to expose the thorax.
3|
Make an incision between the ribs, and continue cutting in a dorsal direction, following the contours of the ribcage until the other side of the animal is reached. Cut enough of the ribcage to be able to easily lift and expose the heart.
4|
Start pumping 1× PBS through the perfusion apparatus. Cut the right atrium with small scissors, and insert the perfusion needle into the left ventricle.
5| Allow 1× PBS perfusion to continue for 30-60 s, and then switch to 4% (wt/vol) PFA solution. Allow 4% (wt/vol) PFA solution to perfuse for 2-3 min. ! cautIon PFA is toxic; perform PFA perfusion only in a well-ventilated fume hood.  crItIcal step Good perfusion-fixation is necessary to prevent intestine degradation and to allow long-term storage. Poorly fixed whole-mount intestinal samples tend to degrade very quickly during storage. Furthermore, proper perfusionfixation is critical for successful implementation of the WM/EP − protocol by allowing efficient removal of intestinal epithelial cells without villus destruction. ? troublesHootInG 6| After completion of perfusion, make an incision in the abdominal cavity to expose the intestine. Cut the colon as near to the rectum as possible, and cut the duodenum as near to the stomach as possible.
7|
Slowly pull out the duodenum to remove the pancreas and mesentery. Periodic pulling of the mesentery with the forceps while pulling the duodenum may be necessary to completely remove the mesentery. Place the entire small intestine, cecum and colon into the marked 15-cm silicon plate with ice-cold 1× PBS on ice.
8|
Measure and record the length of the small intestine from the pyloric sphincter to the cecum. Cut the small intestine at the junction with the cecum. Use the ruler on the 15-cm silicone plate to cut 5 cm down from the pyloric sphincter and label the piece as 'duodenum' . The rest of the length is considered to be the jejunum and ileum. Cut this piece in half and use the upper part as the jejunum and lower part as the ileum (Fig. 3) . Cut the colon from the cecum. Secure the tissue with one pin on the upper end of each dissected piece of intestine to keep the pieces organized.  crItIcal step During the tissue dissection procedure, it is important to keep track of the upper end of each of the pieces. This is critical for downstream analysis to be able to compare similar regions of the intestine among different animals.
9|
Using the 50-ml syringe fitted with an 18-gauge needle, flush the gut contents from each of the small-intestine pieces by fully flushing from both ends. Because the colon muscles tightly hold feces, the colon cannot be flushed in the same manner; instead, cut the colon lengthwise using artery scissors and remove feces manually or by gentle shaking in 1× PBS.
? troublesHootInG 10| Cut the duodenum, jejunum and ileum open lengthwise using artery scissors. Pin the upper end of each part to the 15-cm marked silicone dish. (Fig. 4a) . First, pin the top of the intestine at 1-cm intervals; then pin the bottom, making sure that the intestine is flush with the silicone plate. (Fig. 4a) .
First, pin the top of the intestine at 0.5-cm intervals; then pin the bottom, making sure that the intestine is flush with the silicone plate.  crItIcal step WM/EP − pieces should be pinned tightly, flush with the plate, with no 'loose' intestine. Otherwise, the subsequent epithelial cell removal step will be more difficult. (v) Use the end of closed large forceps to gently 'brush' off villus epithelial cells (Fig. 4b,c) . Do not press down on the tissue while brushing or the intestinal villus stroma will also be brushed away.
? troublesHootInG (vi) Rinse the pinned intestine in the 10-cm silicone plate once with ice-cold 1× PBS. (vii) Add fixation buffer until the intestine pieces are fully submerged. Incubate the samples on an orbital shaker O/N at 4 °C.
Day 2: sample washing • tIMInG 1-2 h plus o/n incubation 13|
Remove the fixation buffer from the 10-cm silicone dishes containing pinned intestine (from Step 12A(iii) or 12B(vii)), and replace it with ice-cold 1× PBS.
14|
Wash the samples on an orbital shaker at 4 °C for 5 min. Repeat this step two more times. ! cautIon Removal of fixation buffer must be done in a fume hood.
15|
After the last wash with 1× PBS, remove 1× PBS and replace it with 10% (vol/vol) sucrose solution.
16|
Incubate the samples on an orbital shaker for 3 h at 4 °C.
17|
Remove 10% (vol/vol) sucrose solution and replace it with 20% (vol/vol) sucrose + 10% glycerol solution.
18|
Incubate the samples on an orbital shaker O/N at 4 °C.
Day 3: primary antibody incubation • tIMInG 4-5 h plus o/n incubation 19|
Remove 20% (vol/vol) sucrose + 10% glycerol solution, rinse the samples once with ice-cold 1× PBS and submerge the intestine pieces in PBS + NaN 3 .  pause poInt Seal the plates with Parafilm. Samples can be stored at 4 °C for up to several months.
20|
Using a dissection microscope to facilitate visualization, cut the intestine into 0.5-to 1-cm-long pieces and transfer them to a 6-or 12-well silicone plate and re-pin with four pins per piece. Up to two pieces can fit into one well of a 12-well plate; up to five pieces can fit into one well of a 6-well plate (Fig. 4d) .  crItIcal step When comparing the same immunostaining among several mice (e.g., wild-type versus mutant mice), make sure to take a 1-cm-long piece from the corresponding place on the intestine from each mouse.
21|
Add blocking buffer to the samples; use 1 ml per well for a 12-well plate or 2 ml per well for a 6-well plate. Incubate the samples on an orbital shaker for 1-2 h at 4 °C.
22|
Prepare an appropriate primary antibody mix in blocking buffer. Prepare 1 ml per well for a 12-well plate or 2 ml per well for a 6-well plate. table 2 outlines combinations of primary and secondary antibodies that we have used successfully. For example, staining for Pecam-1 and Lyve-1 will allow analysis of lacteal length (Step 45A); staining for Vegfr-3 will allow visualization of lacteal filopodia (Step 45C); and staining with Vegfr-2 will allow analysis of blood vessel length and branching and blood vessel filopodia (Step 45B and D).  crItIcal step A negative control can be added by omitting primary antibodies or replacing them with isotype control antibodies.
23|
Remove the blocking buffer from the samples and add primary antibody mix. Incubate the samples on an orbital shaker O/N at 4 °C.
Day 4: primary antibody washing and secondary antibody incubation • tIMInG 6 h plus o/n incubation 24|
Remove the primary antibody mix and add ice-cold PBS + 0.3% (vol/vol) Triton X-100. Wash the samples on an orbital shaker at 4 °C for 1 h. Repeat this step four more times.
25|
Prepare an appropriate secondary antibody mix in blocking buffer (table 2). Prepare 1 ml per well for a 12-well plate or 2 ml per well for a 6-well plate. 
31|
Label microscope slides with sample ID and antibodies used in immunostaining.
32|
Remove the protective cover of one sticky side of the spacer and stick it onto the microscope slide. Leave the other sticky side untouched.
33|
Transfer the plate to the dissection microscope. Work in as little light as possible, and use the bottom lamp of the dissection microscope to look at the samples.
34|
Using small forceps, move the pins away from the two corners, leaving a strip 2-to 3-mm-wide that remains flush with the silicone. Focus the microscope with the highest magnification on the bottom corner.
35|
Use very fine scissors to cut a strip of intestine, trying to make the strip one or two villi wide. Cutting into the silicone gel under the intestinal sample facilitates obtaining a good strip. When it is cut, you can gently move the strip out of the way and begin to cut the next strip (Fig. 4e) .
? troublesHootInG
36| Repeat
Step 35 to obtain a total of 10-15 strips.
37|
Use very fine forceps to place the strips on the glass slide inside the spacer area.
38| Using a paper towel or tissue paper, absorb excess PBS by placing it near the intestinal strips.
39|
For WM/EP + samples only, place two drops of FocusClear on the intestine strips and use very small forceps to spread out the strips as much as possible; then incubate them for at least 20 min (maximum 25 min) at RT. Use a P200 micropipette to remove as much FocusClear as possible.
40|
Add two to three drops of ProLong Gold mounting medium to the intestine strips. Tilt the slide around to help spread out the mounting medium. 41| Use very fine forceps to arrange the strips horizontally and vertically so that they all fit inside the area of the spacer. Intestine strips should also be placed so that villi are clearly visible and the submucosa does not fold over on top of the villi (Fig. 4f) .
42|
Remove the upper spacer cover, leaving the upward surface of the spacer sticky, and firmly affix the coverslip.
43|
Use excess mounting medium to seal around the edges of the coverslip.
44|
Place the slides in the slide storage box at 4 °C.  pause poInt If the samples are kept at 4 °C and mounting medium remains, the slides can be kept for up to a year. (Fig. 5a) . Adjust the z stack so that whole villi can be imaged (usually 80-100 µm), and set the z-stack step size as recommended by the image acquisition software. Take images from 10-15 different regions in each sample. ? troublesHootInG (b) blood vessel length and branching (i) Image the mounted samples with WM staining 2 using the 555-nm laser with the 20× objective of a confocal microscope, so that Vegfr-2 staining on several villi can be imaged simultaneously on a single image (Fig. 5a) . Adjust the z stack so that whole villi can be imaged (usually 80-100 µm), and set the z-stack step size as recommended by the image acquisition software. Take images from 10-15 different regions in each sample. • tIMInG Step 45, day 8-confocal microscopy: 6-8 h
Step 46, day 9-image analysis: 6-8 h
antIcIpateD results
We have used this intestine whole-mount protocol to obtain high-resolution 3D images of intestinal villus stroma by immunostaining with a variety of antibodies 13 . The resolution obtained allows many different analyses to be performed on the same samples. Proper preparation, clearing, immunostaining and mounting will allow full visualization of both lymphatic and blood vessels in the villus and submucosal intestine (Fig. 5a) , as well as detection of lymphatic and blood filopodia (Fig. 5e,f) . Loss of 3D villus structure, incomplete immunostaining in the submucosal vessels and inability to detect vessel filopodia are all indicators of reduced quality (table 3) . Coimmunostaining with Pecam-1 and Lyve-1 allows accurate determination of lacteal length and blood vascular density (Fig. 5a) . Furthermore, immunostaining with Vegfr-2 allows precise measurement of villus blood capillary length and branching (Fig. 5b) . In addition, this protocol allows the visualization of blood capillary and lacteal filopodia and organization of intercellular junctions ( Fig. 5e,f ; Bernier-Latmani et al. 13 ). The protocol can be combined with the conventional Swiss roll protocol for paraffin embedding, allowing measurement of endothelial cell proliferation by staining for Ki67, lymphatic endothelial transcription factor Prox-1 (Fig. 5g) and pan-endothelial transcription factor Erg (not shown). By using this procedure, we are also able to visualize most stromal cell types and components of the small intestine, such as neurons, immune cells, pericytes, smooth muscle cells, fibroblasts and extracellular matrix proteins ( Fig. 2 ; Bernier-Latmani et al. 13 ). We anticipate that this protocol will be used to investigate cell morphology, cell position and cell-cell interactions in the intestine for researchers from a plethora of fields, as well as serve a standard tool in the vascular biology toolbox for the study of both vessel patterning and specialized function. 
